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Abstract 
The earth-fill dam of Zhiguli Hydropower Plant is located between the building of the hydropower plant and the concrete 
spillway dam. To collect seepage water in the body of the earth-fill dam throughout its entire length, inside a stone toe drain, 
there is a gallery made of reinforced concrete. In order to estimate the technical state, signs of structural deformation, cracks, 
chips and corrosive wear, a survey of the reinforced concrete structures of the drainage gallery with discharge outlets in the earth-
fill dam has been conducted, the main results of which are presented in this paper. 
As a result of this survey, the areas and the value of subsidence of the reinforced concrete structures of the drainage gallery have 
been identified. The slope of the drainage gallery and the amount of sediment in it has been defined. Besides, the area along the 
route of discharge outlets has been examined, and the state of the coastline has been evaluated. Basing on the results of this 
survey, a detailed assessment of the technical state of the reinforced concrete structures of the drainage gallery in the earth-fill 
dam of Zhiguli Hydropower Plant has been given. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The earth-fill dam of Zhiguli Hydropower Plant is located between the building of the hydropower plant and the 
concrete spillway dam. The length of the earth-fill dam is 2802,5m. The maximum height of the earth-fill dam is 
45m. To collect seepage in the body of the dam throughout practically its entire length, inside a stone toe drain, 
there is a reinforced concrete gallery, that consists of rectangular reinforced concrete elements with a section area of 
0,8x1,6m. The width of the joint between the reinforced concrete elements is 20mm. The water that flows into the 
drainage gallery is carried away to the downstream along reinforced concrete pipes with a diameter of 1m. Along 
the dam’s length there is a total of five  discharge outlets of this type, at this moment only outlets ʋ 1, 4, 5 [1-3] 
operate normally. 
At present moment, after a significant operational period, it has become vital to conduct a survey of the 
reinforced concrete structures of the drainage gallery with discharge outlets in the earth-fill dam of Zhiguli 
Hydropower Plant, with the aim to estimate the technical state, signs of structural deformation, cracks, chips and 
corrosive wear [4, 5].  
The tasks that have been solved during the survey can be summed up as follows: 
x - To identify the areas and the value of subsidence of the reinforced concrete structures of the drainage gallery; 
x - To define the slope of the drainage gallery and the amount of sediment in it; 
x - To analyze the state of the coastline along the route of discharge outlets. 
 
Nomenclature 
B  relative concrete grade 
TB  average value of cube strength of concrete 
ɜɚɪK  coefficient of variation of strength 
bR  design resistance of concrete 
2. Main  Part 
2.1. Identifying Areas and Value of Subsidence of Reinforced Concrete Structures of Drainage Gallery 
The actual position of the drainage gallery’s structures was determined using ordinary leveling. The absolute 
marks of the drainage gallery were defined with the help of laser level «HILTI», with referencing of directional ray 
to the top of control wells [6, 7]. This made it possible to determine the absolute bottom marks of the drainage 
gallery elements that include the wells, and they are presented in Table 1. 
Table 1. Absolute Bottom Marks of Drainage Gallery Elements  
Nrofthewell Ʉ1 Ʉ1-2 Ʉ2 Ʉ2-3 Ʉ3 Ʉ3-4 Ʉ4-3 Ʉ4 Ʉ4-5 Ʉ5
Mark of the well’s 
bottom, m 29,10 29,44 29,03 29,47 29,13 29,42 29,00 29,18 29,49 29,33
 
The subsidence of the reinforced concrete structures of the drainage gallery near well K2-3 is 40-90mm. The 
value of vertical shift of the adjacent elements of the gallery between wells K3-4 and K-4-3 is 90y 100 mm. As may 
be supposed, the shift of the rings has taken place due to the subsidence of the base on which the reinforced concrete 
rings of the drainage gallery lie [8].  
 
2.2. Defining Drainage Gallery Slopes  
 
In process of ordinary leveling it has been found that the drainage gallery as a whole is built in compliance of 
slopes. The slopes were supposed to ensure the collection and distribution of water between the discharge outlets. 
For this purpose, the parts of the gallery between the discharge outlets go down along the longitudinal profile, from 
the center towards the discharge outlets and respective wells K1, K2, K3, K4, K5. The rising parts of the drainage 
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gallery coincide with control wells K1-2, K2-3, K3-4, K4-5. The survey of the gallery has revealed areas built 
without compliance of rules of slopes arrangement, as well as areas with the adjunction of separate elements of the 
drainage gallery. The longitudinal profile between well K3-4 and well K4-3 has got a slope down to well K4-3 and 
further, at a distance of 30 m, in the direction of well K4. At a distance of 30 meters after well K4-3 the gallery 
begins a stepwise rise over 5 elements up to the value of 66 cm. 
No signs of subsidence of the rock-fill on the surface and the nature of the profile of the gallery’s adjacent parts 
allow us to classify the above-described deviation as a construction fault [9, 10]. Probably, during the construction 
by means of level step-by-step shift of rings to the height of 66 cm the deviation of the gallery’s profile from design 
reference marks was adjusted. 
2.3 Defining Amount of Sediment in Drainage Gallery 
Measurements of sand sediment depth in the drainage gallery were made using a ruler at an interval of 10 m 
along the length of the gallery. In areas with large concentrations of sediment measurements were made more often 
with reduction of interval up to 1 m. The total amount of sediment accumulated in the drainage gallery is 292 m2. 
Analysis of the received results has revealed two sources of sediment formation [11-15]: 
- Sediment particles penetrate into the drainage gallery with the seepage flow through the joints between the 
reinforced concrete elements along the entire length of the drainage gallery. In the areas with the lowest speed of 
water flow movement, as well as in the areas where the gallery profile goes down, the particles drawn by the flow 
accumulate; 
- Sediment particles have entered the drainage gallery through unsealed joints between the elements of non 
operable discharge outlets number 2 and number 3. After losing their operating capacity, the outlets have begun to 
function as a linear drainage, carrying water away from the surrounding area into the drainage gallery. Due to 
absence of filter around the discharge outlets, solid particles have penetrated into the drainage gallery together with 
the water flow. Places with the largest amounts of accumulated sediment are tied to the zones where discharge 
outlets number 2 and number 3 are located. The total amount of sediment near the outlets is more than 60%. 
Afterwards the discharge outlets have been blocked up, but this does not exclude infiltration. At the moment of 
the survey a flow of water into the drainage gallery was recorded, at a rate of 6y 7 l / sec. 
2.4 Analyzing the State of Coastline along Discharge Outlets’ Route 
When examining the area along the route of discharge outlets number 2 and number 3 ordinary leveling has been 
used, and the results of the survey are as follows: 
1. The surface of the bottom of the channel near outlet number 2 has risen by 2y 2,8 m compared to its original 
position in 1976. 
2. Above the route of outlet number 2 there is a cavity, the size of which is 50 m by 20 m, it’s up to 1.2 m deep. 
The cavity is located at the end of the outlet, and it extends from the head in the direction of the gallery. On the 
surface of the cavity there are stones for slope protection. A possible reason for the formation of the cavity was 
suffusion removal of fill by the flow of underground waters into the discharge outlet through the unsealed joints 
between rings; 
3. In place of the channel location near the outlet no signs of its existence are left. The channel is completely 
absorbed in a layer of sand more than 2 meters thick, on its surface there are bushes and trees. 
To evaluate the changes in the coastline borders, a plan of the dam based on the information that dates back to 
1976 and an aerial photo made in 2014 have been presented. Comparing the positions of the coastline has led the 
authors to the following conclusions: 
x  The coastline has changed in the area limited by the perpendiculars drawn from wells K1, K2 and K4. The total 
floor space of the area, that is scoured on the indicated site, is about 60 thousand sq. m.; 
xThe process of change of the coastline is going on. For example, during the flood in 2008 there was a scour of 
cofferdam and a discharge of the pond located between discharge outlets 2 and 3 and their channels. The empty 
pond is connected to the water zone by a channel that did not exist in 2007 yet. Along the formed channel the water 
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flow goes up, a sort of sweep of the tides, with the periodicity of water level change in the downstream. The 
amplitude of water movement through the channel at the time of survey was 80 y 100 cm. 
2.5. State of Reinforced Concrete Structures and Joints of the Drainage Gallery 
Structurally the drainage gallery consists of reinforced concrete rings with a section area of 0,8x1,6m and a 
length of 1m. The actual strength of the concrete rings of the drainage gallery was evaluated using 
sclerometricmethod [16]. The strength of concrete was calculated in accordance with “PROCEQ” correlation curve. 
The results of performed mass structural tests are presented in Table 2. 
Table 2. Design values of the parameters of concrete used to make the structures. 
Structure Relative concrete grade by compression strength B 
Control wells 17,5 
Discharge outlet #4 15,0 
Head of discharge outlet #4 17,5 
Head of discharge outlet #5 17,5 
Drainage gallery 15,0 
 
On the basis of the tabulated data, the following have been calculated: average value of cube strength of concrete
TB , as a characteristic of homogeneity, used to define the strength of concrete; the average coefficient of variation 
of strength ɜɚɪK for all series of tests for all the structures of this value type [17-19]. 
     The value of relative concrete grade by compression strength B  was estimated at 80% of the actual strength 
value of the concrete used to make the group of structures or the individual zones of the structures, obtained as a 
result of non-destructive testing by formula (1), as well as, for data correlation, - by formula (2) [20] . 
8,0u TBB ,                                                                                                                                             (1) 
 ɜɚɪT KBB  64,11 .                                                                                                                           (2) 
Design resistance of concrete bR , depending on relative concrete grade by compression strength B, was 
calculated by interpolation (Table 1). 
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